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DESCRIPTION 

5 SEMICO NDUCTOR INTEGRATED CIRCUIT^ 

TECHNICAL FIELD 

The present invention relates generally to semiconductor 
integrated circuits , and more particularly to a semiconductor 
10 integrated circuit including an imaging ADC (analog to digital 
converter) for converting an analog image signal to a digital 
image signal . 

BACKGROUND ART 

15 In these years , the resolution of a digital image display 

device such as LCD (liquid crystal display) or PDP (plasma 
display panel) has been improved in recent years. The 
operating speed of an LSI (large scale integration) for 
converting an analog image signal to a digital image signal 

20 has correspondingly been increased. For operating an LSI at 
a high speed, the circuit is usually designed to use finer 
transistors having a smaller stray capacitance and a higher 
current driving force . With respect to a part of the LSI which 
cannot be easily made operate at a high-speed, a technique 

25 for operating a plurality of circuits having the identical 
function in parallel is employed to obtain substantial 
high-speed operation. 
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Even in an Imaging ADC for supplying a digital image 
signal -bo a digital image display device, as in the above 
case, an advanced processing technology is used to widen a 
bandwidth, and the parallel operation based on interleave 
5 operation is used. However, there are variations in 

characteristics among a plurality of ADCs for performing 
parallel operation due to the limitation of a micro-machining 
technology- This results in deteriorated characteristics, 
for example, generation of a differential linearity error 

10 or an integral linearity error. 

Fig. 12 shows an exemplary configuration of a prior art 
imaging ADC. The imaging ADC 110 has first to N-th ADCs 111 
for performing parallel operation, a multi -phase clock signal 
generating circuit 112 for supplying multi -phase clock 

15 signals to the ADCs 111, and a selector circuit 113 for 

selecting one of output signals of the ADCs 111. The first 
to N-th ADCs 111 sequentially convert an analog signal to 
a digital signal in synchronism with the multi -phase clock 
signals received from the multi -phase clock signal generating 

20 circuit 112. In this example, reference symbol N denotes a 
degree of parallelism of the ADCs . 

In general, in an image signal, as shown in Fig. 13, 
pixel information corresponding to one line continues from 
the upper left of the screen to the horizontal direction, 

25 and then under the line by one pixel in the vertical direction , 
pixel information corresponding to another line also 
continues from the left side of the screen to the horizontal 
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direction. The repetition of the above-mentioned pixel 
information forms an image signal corresponding to one frame. 
A number of pixels in one frame, that is, a sampling number 
of times M in one frame can be obtained from a product of 
5 a number of pixels in one line and a number of lines in one 
frame . 

Assume that the sampling number of times M in one frame 
is divisible by the degree N of parallelism of ADCs , and that 
the first ADC samples a pixel P (X, 1) , the second ADC samples 

10 a pixel P (X, 2) , and the N-th ADC samples a pixel P (X, N) 
in a frame (X) . Then, even in a frame (1+1) , the first ADC 
samples a pixel P (X+l, 1) , the second ADC samples a pixel 
P (X+l, 2), and the N-th ADC samples a pixel P (X+l, N) , in 
a similar manner. Xn this case, P (I, J) denotes a J-th pixel 

15 in an I-th frame. Xn such a case, if the first to N-th ADCs 
vary in characteristics , even when an identical analog signal 
is inputted to the ADCs, a constant pattern of error occurs 
in an output digital signal , which results in appearance of 
irregularities on the display screen . 

20 For the purpose of suppressing the influences of 

variations in circuit elements including a resistor and a 
capacitor upon analog/digital conversion characteristics 
during conversion from an analog image signal to a digital 
image signal by using a single ADC, output results of the 

25 ADC are averaged by sequentially switching (swapping) between 
a plurality of circuit elements. Even in such a case, with 
respect to pixels for a plurality of successive frames, if 
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a plurality of circuit elements in the ADC are arranged in 
the same cycle or sequence, irregularities appear on the 
screen . 

For the purpose of reducing irregularities on the screen 
5 caused by such variations, it is also considered to digitally 
correct the output signal of the imaging ADC . However, such 
digital correction requires complicated circuit and 
processing. 

10 DISCLOSURE OF THE INVENTION 

In view of the above respects, in a semiconductor 
integrated circuit including a plurality of parallel 
interleave-operating ADCs or an imaging ADC for sequentially 
switching between a plurality of circuit elements, it is an 

15 object of the present invention to reduce irregularities on 
a display screen by averaging output signals of one or more 
imaging ADC to reduce irregularities on a screen. 

In order to resolve the above-mentioned object, a 
semiconductor integrated circuit according to a first aspect 

20 of the present invention comprises a plurality of 

analog/digital converting circuits operated in parallel for 
sequentially converting an analog image signal to a digital 
image signal, a multi -phase clock signal generating circuit 
for generating multi -phase clock signals to be used for 

25 periodically operating the plurality of analog/digital 

converting circuits in a certain order, and a control circuit 
for controlling the multi -phase clock signal generating 
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circuit: -to change at least one of a period and an order of 
operating the plurality of analog/digital converting 
circuits . 

Further , a semiconductor integrated circuit according 
5 to a second aspect of the present invention comprises an 
analog/digital converting circuit for converting an analog 
image signal to a digital image signal by sequentially 
switching between a plurality of circuit elements, a first 
control circuit for controlling the analog/digital converting 

10 circuit to periodically arrange the plurality of circuit 
elements in a certain order, and a second control circuit 
for controlling the first control circuit to change at least 
one of a period and an order of arranging the plurality of 
circuit elements . 

15 According to the present invention arranged as mentioned 

above, in the case where the plurality of analog/digital 
converting circuits are operated in parallel, the period or 
order of operating these analog/digital converting circuits 
is changed. Also , in the case where the single analog/digital 

20 converting circuit is used by sequentially switching between 
the plurality of circuit elements, the period or order of 
arranging these circuit elements is changed. In this way, 
even when an image signal of any specification is inputted, 
the output signal of the imaging ADC is averaged and 

25 irregularities on the screen can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The advantages and features of the present invention 
will be more clearly understood with respect to the detailed 
description and drawings , in which constituent elements 
having the same functions are denoted by the same reference 
5 numerals or symbols. 

Fig. 1 is a block diagram showing a configuration of 
a semiconductor integrated circuit according to a first 
embodiment of the present invention; 

Fig. 2 is a timing chart showing waveforms of signals 
10 appearing at various points in an imaging ADC as shown in 
Fig . 1 ; 

Fig. 3 is another timing chart showing waveforms of 
signals at various points in the imaging ADC as shown in Fig. 
1; 

15 Fig. 4 is a block diagram showing a configuration of 

a first modification of the semiconductor integrated circuit 
according to the first embodiment of the present invention; 

Fig. 5 is a timing chart showing waveforms of signals 
at various points in an imaging ADC as shown in Fig. 4; 

20 Fig. 6 is a block diagram showing a configuration of 

a second modification of the semiconductor integrated circuit 
according to the first embodiment of the present invention; 

Fig. 7 is a timing chart showing waveforms of signals 
at various points the an imaging ADC as shown in Fig. 6; 

25 Fig. 8 is a block diagram showing a configuration of 

a semiconductor integrated circuit according to a second 
embodiment of the present invention; 
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Fig. 9 Is a timing chart showing waveforms of signals 
at various points in an imaging ADC as shown in Fig. 8; 

Fig. 10 is a circuit diagram showing the principle of 
a semiconductor integrated circuit according to a third 
5 embodiment of the present invention; 

Fig. 11 is a block diagram showing a configuration of 
the semiconductor integrated circuit according to the third 
embodiment of the present invention; 

Fig. 12 is a block diagram showing a configuration of 
10 a prior art imaging ADC; and 

Fig. 13 shows an array of pixels on frames. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Firstly, there will be described a first embodiment of 

15 the present invention. 

Fig. 1 is a block diagram showing a configuration of 
a semiconductor integrated circuit according to a first 
embodiment of the present invention. As shown in Fig. 1, the 
semiconductor integrated circuit includes an imaging ADC 10 

20 and a sampling control signal generating circuit 20. The 
imaging ADC 10 has first toN-th ADCs 11 for performing parallel 
operation, a multi -phase clock signal generating circuit 12 
for generating mul ti -phase clock signals to be used for 
operating these ADCs 11 periodically in a certain order, and 

25 a selector circuit 13 for selecting one of output signals 
of the ADCs 11. 

The sampling control signal generating circuit 20 
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outputs a sampling control signal on the basis of a master 
clock signal. In the Imaging ADC 10, the multi -phase clock 
signal generating circuit 12 generates the multi -phase clock 
signals on the basis of the master clock signal and the sampling 
5 control signal received from the sampling control signal 
generating circuit 20, and supplies the multi -phase clock 
signals to the respective ADCs 11 . The first to N-th ADCs 
11 converts an input analog signal to a digital signal in 
synchronism with the multi -phase clock signals generated by 

10 the multi -phase clock signal generating circuit 12 , and 

outputs the converted digital signal . The selector circuit 
13 selects one of the digital signals outputted from the ADCs 
11 in accordance with the multi -phase clock signals , and then 
outputs the selected digital signal . 

15 Fig. 2 is a timing chart showing waveforms of signals 

appearing at various points in the case where N = 3 in the 
imaging ADC 10 shown in Fig. 1. On the basis of the master 
clock signal and the sampling control signal, the multi -phase 
clock signal generating circuit 12 generates multi -phase 

20 clock signals #1 , *2 and *3 to be used for cyclically operating 
the first, second and third ADCs. 

Now assume that a sampling number of times in one frame 
is represented by M where M = (a number of pixels in one line) 
x (a number of lines in one frame) and M is a multiple of 

25 3 . Then each of the ADCs samples the same pixel on the screen 
in a plurality of frames. As a result, irregularities 
corresponding to variations among the ADCs appear on the screen . 
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In the present embodiment, for the purpose of preventing the 
above-mentioned irregularities appearance, the sampling 
timing of the ADCs are shifted, for example, in a blanking 
period of an image signal. As a result, even when an image 
5 signal of any specification is input, irregularities on the 
screen can be reduced. 

As shown in Fig. 1, the semiconductor integrated circuit 
according to the present embodiment includes the sampling 
control signal generating circuit 20 for generating the 

10 sampling control signal to be used for shifting the sampling 
timing in a predetermined state . On the basis of the sampling 
control signal, the multi -phase clock signal generating 
circuit 12 shifts phases of the multi-phase clock signals 
to be generated. 

15 As shown in Fig. 2, when the sampling control signal 

is changed to its high level, the multi -phase clock signal 
generating circuit 12 shifts the phases of the multi -phase 
clock signals to be generated by an amount corresponding to 
at least one pulse of a master clock signal CK. As a result, 

20 the ADCs are operated at timing shifted by at least one pulse 
of the master clock signal CK, so as to prevent the same ADC 
from sampling the same pixel on the screen in successive two 
frames . 

Fig. 3 is a timing chart showing waveforms of signals 
25 appearing at various points when a sampling period is varied 
in the case where N = 3 in the imaging ADC 10 shown in Fig. 
1 . On the basis of the master clock signal and the sampling 
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control signal, the multi-phase clock signal generating 
circuit 12 generates multi -phase clock signals 4>1 , *2 and 
#3 to be used for cyclically operating the first, second and 
third ADCs. The period of cyclically operating the first, 
5 second and third ADCs is controlled by the sampling control 
signal . 

When the period of cyclically operating the first , second 
and third ADCs is varied for every frame, all pixels are 
prevented from being sampled always by the same ADC and 
10 irregularities on the screen are averaged on a time basis, 
which results in that the irregularities cannot be visually 
recognized. 

Hereinafter , there will be described a sampling control 
method used in the present embodiment. It is assumed in the 

15 following explanation that a sampling number of times in one 
frame, that is, (the number of pixels in one line) x (the 
number of lines in one frame) is denoted by M and that a degree 
of parallelism of ADCs, that is, the number of ADCs operated 
in parallel is denoted by N , where each of M and N is an integer 

20 equal to or larger than 2 . It is also assumed that a remainder 
when M is divided by N is denoted by K (K = M mod N) . 

A first sampling control method will be explained. In 
the case where K = 0, by obtaining such L satisfying a 
requirement that a remainder when (M + L) is divided by N 

25 is not zero, the sampling timing is shifted by an amount 
corresponding to I* pulses of the master clock signal in one 
frame . Accordingly, the same parallel-operating ADCs can be 
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prevented from sampling pixels at the same positions at least 
in successive two frames. As a result, when the number of 
parallel-operating ADCs is two or more, the averaging effect 
by at least two ADCs can be obtained. 
5 Next, there will be described a second sampling control 

method. In the case where K = 0 or in the case where K ^ 1 
and N is divisible by K (N mod K = 0) , by obtaining such L 
that N and J (J & 0) are mutually primes where J represents 
a remainder when (M + L) is divided by N (J = (M + L) mod 

10 N) , the sampling timing is shifted by an amount corresponding 
to L pulses of the master clock signal in one frame . For example , 
when M = 1688 and N = 8 , L satisfying this conditions is 1, 
3, 5 or 7. In this manner, when the number of 
parallel -operating ADCs is N, the averaging effect by N ADCs 

15 can be achieved. 

Next, there will be described a third sampling control 
method. A pseudorandom number generating circuit for 
generating an integer within a range from zero to (N-l) is 
prepared. When the pseudorandom number generating circuit 

20 has an output L(i) for an i-th frame, the sampling timing 
is shifted by an amount corresponding to L(i) pulses of the 
master clock signal in this frame. When the pseudorandom 
number generating circuit has an output L(i+1) for the next 
(i+l)-th frame, the sampling timing is shifted by an amount 

25 corresponding to L(i+1) pulses of the master clock signal 
in the next frame. 

In this manner, the sampling order of the parallel ADCs 
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for sampling -the same pixel can be made non-uniform on a time 
base at least within the period of the pseudorandom numbers . 
Thus unlike the aforementioned first and second sampling 
control methods , substantially non-uniform averaging effect 
5 can be obtained. 

Next, there will be described a first modification of 
the semiconductor integrated circuit according to the present 
embodiment, by referring to Figs. 4 and 5. 

As shown in Fig . 4 , the semiconductor integrated circuit 

10 includes an Imaging ADC 30 and a sampling control signal 
generating circuit 40. The Imaging ADC 30 has first to N-th 
ADCs 11, a multi -phase clock signal generating circuit 31 
for generating multi -phase clock signals which define 
sampling timing of these ADCs 11, and a selector circuit 13 

15 for selecting one of output signals of the ADCs 11. The 
multi -phase clock signal generating circuit 31, which has 
a counter 32 provided therein, generates multi -phase clock 
signals on the basis of the master clock signal , a phase control 
number and a sampling control signal . 

20 The sampling control signal generating circuit 40 

generates the sampling control signal on the basis of a control 
flag and a vertical synchronization signal VSYNC. More 
specifically, when the control flag is set, the sampling 
control signal generating circuit 40 generates the sampling 

25 control signal by using a transition edge of the vertical 
synchronization signal VSYNC as a reference, and supplies 
the sampling control signal to the imaging ADC 30 . In this 
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connection, as well as the vertical synchronization signal 
VSYNC, a horizontal synchronization signal HSYNC or another 
signal synchronized with the vertical synchronization signal 
VSYNC or with the horizontal synchronization signal HSYNC 
5 may be used. 

In the imaging ADC 30, the counter 32 provided in the 
multi -phase clock signal generating circuit 31 counts the 
master clock signal , and stores states for generation of the 
multi -phase clock signals as counter values . The counter 32 , 
10 in response to the sampling control signal , changes its counter 
value by a number set as the phase control number . This causes 
the multi -phase clock signal generating circuit 31 to change 
the phases of the multi -phase clock signals — 

Fig. 5 is a timing chart showing waveforms of signals 
15 appearing at various points in the imaging ADC 30 shown in 
Fig . 4 in the case where N = 3 . When the edge of the vertical 
synchronization signal VSYNC is transited while the control 
flag is set in a vertical blanking period or the like , the 
sampling control signal generating circuit 40 changes the 
20 sampling control signal to its high level. In the imaging 
ADC 30, the counter 32 in the multi -phase clock signal 
generating circuit 31 counts the master clock signal CK, and 
when the sampling control signal is changed to high level, 
the counter changes its counter value by a number set as the 
25 phase control number. As a result, the phases of the 

multi -phase clock signals #1, *2 and 4>3 vary as shown in Fig. 
5. In Fig. 5, the phase control number is set at "1" . 
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In this example, a total sampling number of times is 
not changed, and therefore, given a timing margin, sampling 
control can be possible even in a period other than the blanking 
period. 

5 Next, a second modification of the semiconductor 

integrated circuit according to the present embodiment will 
be described by referring to Figs . 6 and 7 . 

As shown in Fig . 6 , the semiconductor integrated circuit 
includes an imaging ADC 50 and a counter 60 . The imaging ADC 

10 50 has parallel-operating first to N-th ADCs 11 , a multi -phase 
clock signal generating circuit 51 for generating multi -phase 
clock signals to define the sampling timing of these ADCs 
11, and a selector circuit 13 for selecting one of output 
signals of the ADCs 11. The multi -phase clock signal 

15 generating circuit 51, which has a counter 52 therein, 

generates multi -phase clock signals on the basis of a master 
clock signal, a phase control number, and a sampling control 
signal . 

The counter 60 generates the sampling control signal 
20 on the basis of the master clock signal and a control flag. 
More specifically, when the control flag is set, the counter 
60 counts pulses of master clock signals, generates the 
sampling control signal at intervals of a predetermined period, 
and supplies the sampling control signal to the imaging ADC 
25 50. 

In the imaging ADC 50 , the counter 52 in the multi -phase 
clock signal generating circuit 51 counts the master clock 
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signal and also stores states for generation of the multi -phase 
clock signals as counter values . The counter 52 , in response 
to the sampling control signal, changes the counter values 
by a number set as the phase control number . This causes the 
5 multi -phase clock signal generating circuit 51 to change the 
phases of the multi -phase clock signals . 

Fig. 7 is a timing chart showing waveforms of signals 
appearing at various points in the imaging ADC 50 shown in 
Fig. 6 in the case where N = 3. When a control flag is set, 

10 the counter 60 counts pulses of the master clock signal CK 
and changes the sampling control signal to its high level 
at intervals of a predetermined period. In the imaging ADC 
50 , when the sampling control signal is changed to high level , 
the counter 52 in the multi -phase clock signal generating 

15 circuit 51 changes its counter values by a number set as the 
phase control number. As a result, the phases of the 
multi -phase clock signals *1 , *2 and #3 vary as shown in Fig. 
7. In Fig. 7, the phase control number is set at "1". 

Next, there will be described a second embodiment of 

20 the present invention. 

Fig. 8 is a block diagram showing a configuration of 
a semiconductor integrated circuit according to a second 
embodiment of the present invention. As shown in Fig. 8, the 
semiconductor integrated circuit includes an imaging ADC 70 

25 and a clock signal control circuit 80. The imaging ADC 70 
has a first to N-th ADCs 11 for performing parallel operation, 
a multi -phase clock signal generating circuit 71 for 
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generating multi -phase clock signals to periodically operate 
the ADCs 11 in a certain order, and a selector circuit 13 
for selecting one of output signals of the ADCs 11 . 

On the basis of a master clock signal, a control flag, 
5 a phase control number and a vertical synchronization signal 
VSYNC, the clock signal control circuit 80 supplies a clock 
signal to the multi -phase clock signal generating circuit 
71. When the control flag is set, the clock signal control 
circuit 80 generates from the master clock signal a signal 

10 whose pulses are suppressed by a number set as the phase control 
number, by using the transition edge of the vertical 
synchronization signal VSYNC as a reference, and supplies 
the generated signal as the clock signal to the multi -phase 
clock signal generating circuit 71. In this connection, in 

15 place of the vertical synchronization signal VSYNC, a 

horizontal synchronization signal HSYNC or another signal 
synchronized with the vertical synchronization signal VSYNC 
or the horizontal synchronization signal HSYNC may be used. 
In the imaging ADC 70 , on the basis of the clock signal 

20 received from the clock signal control circuit 80, the 

multi-phase clock signal generating circuit 71 generates 
multi -phase clock signals to be used for sequentially 
operating the first to N- th ADCs 11 , and supplies the generated 
multi -phase clock signals to the ADCs 11 . 

25 Fig. 9 is a timing chart showing waveforms of signals 

appearing at various points in the imaging ADC 70 shown in 
Fig. 8 in the case where N = 3. When the control flag is set 
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in the vertical blanking period, the clock signal control 
circuit 80 generates a signal having pulses obtained by 
suppressing the pulses of the master clock signal CK by a 
number set as the phase control number from the transition 
5 edge of the vertical synchronization signal VSYNC, and 
supplies the generated signal as the clock signal to the 
multi -phase clock signal generating circuit 71 of the imaging 
ADC 70 . When receiving the clock signal , the multi -phase clock 
signal generating circuit 71 generates multi-phase clock 

10 signals *1 , #2 and *3 to be used for cyclically operating 
the first, second, and third ADCs . In Fig. 9, the phase control 
number is set at "1". 

In this manner, irregularities on the screen can be 
reduced by the averaging effect of the plurality of ADCs for 

15 performing parallel operation. However, since a total 

sampling number is reduced, this operation is required to 
be carried out in a blanking period during which this operation 
has no influence upon the screen. 

The aforementioned technique is effective not only when 

20 a plurality of ADCs are used in parallel for interleave 

operation, but also when a single ADC is used for converting 
an analog image signal to a digital image signal while the 
output signal of the ADC is averaged by sequentially switching 
(swapping) between a plurality of circuit elements in order 

25 to suppress the influences of variations in circuit elements 
such as a resistor and a capacitor that influence the 
analog/digital conversion characteristics (including when 
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a plurality of circuit: elements form a circuit block) . As 
the circuit block , an amplifier circuit such as a differential 
amplifier or an operational amplifier can be used. In the 
case of such a circuit configuration that AD conversion is 
5 carried out through a plurality of steps like in a pipeline 
ADC, a sub-ADC or a sub-DAC corresponds to the circuit block. 

Next, a third embodiment of the present invention using 
such ADC will be explained. Now, consider the case where a 
power potential V DD is divided by resistors Rl and R2 whose 

10 resistance values are designed to be equal to each other to 
generate a midpoint potential VM of the power potential V DD 
as shown in Fig . 10 . In this case , it is assumed that a relation 
Rl = R2 + AR is actually satisfied due to variations in the 
element formation . When the resistors Rl and R2 are connected 

15 as shown in the left side of Fig. 10, a midpoint potential 
VM1 is expressed by equation (1) as follows: 



reversely connected by switching between the resistors as 
shown in the right side of Fig. 10, a midpoint potential VM2 
is expressed by equation (2) as follows: 




—CO 
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While the positions of the resistors Rl and R2 are 



Rl 



AR 
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VM2 = V, 



DD 



RX + R2 



DD 



2 + 2(2R2 + AR) 



— (2) 



J 



Accordingly, when the two states are averaged by 
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alternate switching, V DD /2 can be accurately generated as the 
midpoint potential VM. 

Fig. 11 is a block diagram showing a configuration of 
a semiconductor integrated circuit according to a third 
5 embodiment of the present invention. 

As shown in Fig . 11 , the semiconductor integrated circuit 
includes an imaging ADC 90 and a switching control signal 
generating circuit 100 . The imaging ADC 90 converts an analog 
image signal to a digital image signal by sequentially 

10 switching between a plurality of circuit elements. Fig. 11 
shows the imaging ADC including first to N-th elements 91, 
and a switch 92 for switching these elements 91 to be connected 
to the first to N-th node. 

The imaging ADC 90 is provided therein with a multi -phase 

15 control signal generating circuit 93 which generates 

multi -phase control signals on the basis of a master clock 
signal and a sampling control signal received from the 
switching control signal generating circuit 100. The 
multi -phase control signals are used for controlling the ADC 

20 in such a manner that the first to N-th elements 91 are 
periodically arranged in a certain order. 

In such an imaging ADC, the influences of variations 
among these elements can be averaged because the switch 92 
switches connections between the first to N-th elements 91 

25 and first to N-th nodes. When such a technique is used in 
the imaging ADC, however, combinations of the elements for 
performing AD conversion on the same pixel may become the 
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same for a plurality of frames due to the periodicity of the 
image signal. In such a case, the averaging effect cannot 
be obtained, and therefore, irregularities appear on the 
screen. To avoid this, by using a technique similar to that 
5 explained in the first and second embodiments of the present 
invention to control the multi -phase control signal 
generating circuit 93 , the influences of variations in the 
plurality of elements are averaged and irregularities on the 
screen are reduced even when the image signal of any 

10 specification is inputted. 

To this end, the switching control signal generating 
circuit 100 generates a switching control signal for 
controlling the multi -phase control signal generating circuit 
93 in such a manner that an ADC portion changes the period 

15 or an order of arranging the plurality of circuit elements . , 
On the basis of the master clock signal and the sampling control 
signal received from the switching control signal generating 
circuit 100 , the multi -phase control signal generating 
circuit 93 changes the phases of the multi -phase control 

20 signals . The switch 92 changes connections between the first 
to N-th elements 91 and the first to N-th ADCs nodes according 
to the multi -phase control signals. As a result, variations 
in the first to N-th elements 91 can be randomly averaged 
and irregularities on the screen can be reduced. 

25 In this case, a technique similar to that explained in 

the first embodiment of the present invention can be employed 
as the specific control method. Alternatively, as already 
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explained In the second embodiment, of the present invention, 
the signal whose pulses are restricted by a number set as 
the phase control number may be generated from the master 
clock signal, and the generated signal may be supplied as 
5 a clock signal to the multi -phase control signal generating 
circuit 93 . 

As mentioned above , according to the present invention, 
there is provided a semiconductor integrated circuit which 
includes a plurality of interleave-operating ADCs operated 

10 in parallel or an imaging ADC for sequentially switching 
between a plurality of circuit elements, and wherein, even 
when an image signal of any specification is input, the output 
signal of the imaging ADC can be averaged and irregularities 
on the screen can be reduced . More in detail , even when outputs 

15 of the plurality of ADCs vary, the screen is re-displayed 
on the image display device at a rate of several ten cycles 
per second . Thus , irregularities on the screen can be averaged 
and can be seen regular to human eye . 

As a result, even when an LSI having substantially the 

20 same level of fluctuation as in the prior art is employed, 
the image quality of the imaging ADC can be increased only 
by a slight addition of circuit. Alternatively, since the 
influences of variations in the circuit elements can be reduced, 
the surface area of the circuit elements can be made small 

25 compared with the prior art imaging ADC capable of outputting 
an image having the same level of image quality. As a result, 
a stray capacitance can be decreased, which realizes 
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high-speed operation. 



INDUSTRIAL APPLICABILITY 

The present invention can be applied to an image apparatus , 
a computer or the like which transmits image data and audio 
data. 
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